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DSSOLFDWLRQV %HKUHQV HW DO  7KH GHHS GUDZLQJ SURFHVV RI DGYDQFHG DQG XOWUD KLJK VWUHQJWK VWHHOV LQ WKH
DXWRPRWLYHLQGXVWU\LVFKDOOHQJLQJIRU WKHWRROLQJFRPSRQHQWV WKDWSURGXFHFDUERG\SDUWV1HZWRROLQJVROXWLRQV
DUHQHHGHGWRPHHWWKHUHTXLUHPHQWVUHJDUGLQJWRROZHDUWULERORJLFDOVXUIDFHFRQGLWLRQVKRUWWLPHRIPDQXIDFWXULQJ
WKHSRVVLELOLWLHV RI IOH[LEOHGHVLJQ FKDQJHV DQG D FRVW HIIHFWLYH SURGXFWLRQ1HZDSSURDFKHV DOVRQHHG WR UHWKLQN
VROXWLRQV RIIHUHG E\ WKH FRQYHQWLRQDO WRROPDNLQJ OHDGLQJ WR QHZ SURFHVVHV DQG LQQRYDWLYH PDQXIDFWXULQJ
WHFKQLTXHV$SRVVLEOHVROXWLRQLVRIIHUHGE\WKHODVHUFODGGLQJSURFHVVIRUDFWLYHWRROVXUIDFHVLQWKHILHOGRIVKHHW
PHWDO IRUPLQJ .ORFNH HW DO  LV VKRZLQJ FRQFHSWV IRU GHHS GUDZLQJ WRROV FRPELQLQJ WKH ODVHU FODGGLQJ
SURFHVVZLWKORFDOJHRPHWULFDORSWLPL]DWLRQVRIKLJKO\VWUHVVHGVXUIDFHDUHDV,QDGGLWLRQWRWKHWULERORJLFDOVXUIDFH
SURSHUWLHV WKHFRQVLGHUDWLRQRI WKHPHFKDQLFDOSURSHUWLHVRI WKHODVHUFRDWLQJVLV LQHYLWDEOH LQ WKLVVSHFLDOILHOGRI
DSSOLFDWLRQEHFDXVHRIWKHVWUHVVORDGVRIWKHWRROLQSDUWLDODUHDVRIWKHGUDZLQJUDGLXVDQGWKHEODQNKROGHU7RILQG
WKH RSWLPXP SDUDPHWHU VHWWLQJ ZLWKLQ WKH SURFHVV ZLQGRZ RI VXFK ODVHU FODGGHG FRDWLQJV VSHFLILF HYDOXDWLRQ
PHWKRGVDUHQHHGHG WRTXDQWLI\ WKHFRDWLQJVSURSHUWLHV IRU WRROLQJDSSOLFDWLRQV:LW]HOHWDO  IRFXVHGRQD
UHODWLRQ EHWZHHQ SURFHVV SDUDPHWHUV WKHPLFURVWUXFWXUH DQG WKH XOWLPDWH WHQVLOH VWUHQJWK 876 RI ODVHU FODGGHG
,QFRQHO EXONPDWHULDO 7KURXJK WKLV LQYHVWLJDWLRQ D FRKHUHQFH EHWZHHQ SURFHVV SDUDPHWHUV DQG876ZDV VKRZQ
$OVR.|KOHUHWDO VKRZHG WKHHIIHFWVRQIDWLJXHVWUHQJWKRI ODVHUFRDWHGVDPSOHV1HYHUWKHOHVVXVLQJ WKLV
SURFHVVDVFRDWLQJWHFKQRORJ\ZLWKW\SLFDOFRDWLQJWKLFNQHVVHVRI±PPLWLVDOVRYHU\LPSRUWDQWWRORRNDW
















EDVHGRQRSHUDWRUH[SHULHQFHDQG WKH WULDODQGHUURUPHWKRG7KHPDLQ WDUJHW LQ WKLVSKDVH LV WRHOLPLQDWH W\SLFDO
IDLOXUHPRGHVOLNHFUDFNVSRUHVDQGWKHGHODPLQDWLRQGHIHFWVRIWKHFRDWLQJ$IWHUDURXJKGHILQLWLRQRIWKHSURFHVV
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ZLQGRZIXUWKHURSWLPL]DWLRQFDQEHGRQHE\ZHOGLQJVDPSOHVZLWKDUHDVZLWKGLIIHUHQWSDUDPHWHUVHWVZLWKLQWKH








WKHLQWHUIDFH]RQHEHWZHHQVXEVWUDWHDQGFRDWLQJLVVHWXQGHU WHQVLOH ORDGXQWLO IUDFWXUH7KHSULQFLSOH LVVKRZQLQ








PD[LPXP WHQVLOH IRUFHV DQG WKH YDULHG SDUDPHWHU VHWWLQJV DUH LQLWLDOO\ GHVFULEHG E\ D OLQHDU SKHQRPHQRORJLFDO
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2.2. Tested material combinations 
7KHWHVWLQJVHTXHQFHZDVSHUIRUPHGZLWK WZRGLIIHUHQWVXEVWUDWHDQGFRDWLQJPDWHULDOV)RU WKHVXEVWUDWHVWHHO
WKHPDWHULDOV&:DQG0Q&UDUHFKRVHQLVYHU\RIWHQXVHGDVWKHEDVHPDWHULDOIRU




'HVLJQDWLRQ ZHLJKW & &U 1L 0R )H 0Q 6L %
)HUUR ,URQEDVH     EDODQFH   
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3DUDPHWHU ([FHO0LQLWDEQRWDWLRQ 8QLW 'HVFULSWLRQ
Y Y >PPPLQ@ )HHGUDWH
79: 7B9: >&@ 3UHKHDWLQJWHPSHUDWXUH
2/ 2B/ >@ 7UDFNRYHUODSIDFWRU
$1 $B1 >@ $VSHFWUDWLR
)3 )B3 >JPLQ@ 3RZGHUIHHGUDWH
I% IB% >PP@ )RFDOVKLIW
3/ 3B/ >:@ /DVHUSRZHU
I/ IB/ >+]@ /DVHUIUHTXHQF\

)LUVWWULDOVZLWKWKH)HUURFRDWLQJPDWHULDOVKRZDVWDEOHFRDWLQJSURFHVVEDVHGRQZHOGLQJSDUDPHWHUVJDLQHG




















/RZ     
 
+LJK     

3UHOLPLQDU\ WHVWVZLWK1L DUH SHUIRUPHG VLPLODU WR WKH LURQ EDVHG FRDWLQJPDWHULDO /DVHU SXOVLQJZLWK ORZ



















/RZ     
 
+LJK     

(DFKSDUDPHWHUVHW LV UHSHDWHG WKUHH WLPHV LQDUDQGRPL]HGZHOGLQJVHTXHQFH2QO\ LQ WHUPVRI WKHSUHKHDWLQJ
WHPSHUDWXUHZKLFK LV DGLIILFXOW DGMXVWDEOHSDUDPHWHU D FOXVWHULQJRI H[SHULPHQWV LV FDUULHGRXW$OO VDPSOHV DUH
FODPSHGRQDPDVVLYHFRSSHUSODWHZKLFKKDVWKHSRVVLELOLW\RIWHPSHUDWXUHFRQWUROOHGKHDWLQJ
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5HVXOWV
$IWHU ZHOGLQJ ZLWK GLIIHUHQW SDUDPHWHUV D VWDQGDUGL]HG VSHFLPHQ KDV  WHVWLQJ DUHDV 7KH VSHFLPHQV DUH





4.1. Evaluation of Ferro55 on 1.1730 / 1.7131 
4.1.1. Hardness of Ferro55 
/RRNLQJ DW WKH UHVXOWV RI KDUGQHVV PHDVXULQJ RQ )HUUR ZHOGHG VSHFLPHQV LW FDQ EH VKRZQ WKDW WKHUH LV D
VLJQLILFDQWLQIOXHQFHFDXVHGE\GLIIHUHQWSDUDPHWHUVHWWLQJVDVVHHQLQ)LJ:LWKDFRQILGHQFHLQWHUYDORIWKH
IROORZLQJUHJUHVVLRQHTXDWLRQFDQEHZULWWHQ
ܪܽݎ݀݊݁ݏݏሾܪܸͷሿ ൌ ͸͸͹ǤͲ ൅ ͲǤͲ͸͸ ή ݒ ൅ ʹǤͶ͸ ή ܱ௅ െ ͶǤͻͻ ή ܨ௉ െ ͲǤͳͲͶ ή ௏ܶௐ െ ͲǤͲͶ͵ͷͻ ή ௅݂ െ




ZKLFK FDQ OHDG WR LPSURYHPHQW UHJDUGLQJ WRROZHDU UHVLVWDQFH ,W LV LQWHUHVWLQJ WKDW DOO SDUDPHWHUPHDVXUHV
OHDGLQJ WR D ORZHU FRROLQJ UDWH OLNH LQFUHDVHG SUHKHDWLQJ WHPSHUDWXUH ORZHU IHHG UDWH KLJKHU WUDFN RYHUODS IRU
H[DPSOHDUHOHDGLQJWRDKLJKHUKDUGQHVVRIWKHFRDWHGPDWHULDO
4.1.2. Ultimate adhesive strength of Ferro55 





















2B/ >@ )B3 >JPLQ@ 7B9: >&@ IB/>+]@
0DLQ(IIHFWV3ORWIRU+DUGQHVV>+9@
)LWWHG0HDQV
All displayed terms are in the model.
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LPSRVVLEOH WRUHDFKXQLD[LDOVWUHVVFRQGLWLRQZLWKWKHVPDOOVSHFLPHQJHRPHWU\2QWKLVDFFRXQW WKHHYDOXDWLRQLV
GRQHZLWKWKHPD[LPXPWHQVLOHIRUFH







 IRU  6LQFH WKH YDULDWLRQ RI VHWWLQJV LV UDWKHU VPDOO WKHUH VHHPV WR EH DQ LPSRUWDQW LQIOXHQFH RQ WKH
ERQGLQJVWUHQJWKRIWKHFRDWLQJ
4.2. Evaluation of Ni25 on 1.1730 / 1.7131 
































































































WKH /0' SURFHVV KDV EHHQ LQGXVWULDOO\ DSSOLHG IRU VRPH \HDUV QRZ WKH XVHG FRDWLQJ V\VWHPV DQG PDWHULDO
FRPELQDWLRQV DUHPRVWO\ OLPLWHG WR YDULDQWV WKDW KDYH EHHQ GHWHUPLQHG DQG YDOLGDWHG E\ WULDODQGHUURUPHWKRGV
&RPPRQ YDOLGDWLRQ WHFKQLTXHV VXFK DV FUDFN GHWHFWLRQPHDVXUHPHQW RI KDUGQHVV DQG WKH HYDOXDWLRQ RIPLFUR
VHFWLRQV DUH RIWHQ LQDGHTXDWH ZKHQ LW FRPHV WR KLJK PHFKDQLFDO UHTXLUHPHQWV 7KLV LV ZK\ RQH IRFXV RI WKLV
UHVHDUFKZDV WKHGHYHORSPHQWRIQHZVWDQGDUGL]HGHYDOXDWLRQPHWKRGVWRRSWLPL]H/0'OD\HUV$VVKRZQLQ WKH
UHVXOWV RI WKLV SDSHU VHYHUDO IDFWRUV KDYH GLIIHUHQW LPSDFW RQ TXDOLW\ DWWULEXWHV E\ WHVWLQJ GLIIHUHQW PDWHULDO
FRPELQDWLRQV 2QH YHU\ XVHIXO WRRO ZDV WKH PHDVXUHPHQW RI WKH DGKHVLYH VWUHQJWK EHWZHHQ WKH FRDWLQJ DQG WKH
VXEVWUDWH PDWHULDO DV LW LV DQ XQSUREOHPDWLF TXDQWLWDWLYH DVVHVVPHQW RI GLIIHUHQW FRDWLQJ V\VWHPV RU PDWHULDO
FRPELQDWLRQV7KHREWDLQHGUHVXOWVFDQEHXVHGWRPDNHWKHIXQGDPHQWDOGHFLVLRQZKHWKHUWRXVHDGHILQHGPDWHULDO
SDLULQJRUQRW)XUWKHU WKHVDPHUHVXOWVFDQEHXWLOL]HG WRDSSO\ WKHSULQFLSOHVRI'R(DQG WKHUHIRUHRSWLPL]H WKH


































Individual standard deviations were used to calculate the intervals.













KWWSVI[HWK]FKVI[BORFDWHU"VLG $/(3+(%,	JHQUH ERRN	LVEQ 
:LW]HO-6WDQQDUG6*DVVHU$.HOEDVVD,+J&KDUDFWHUL]DWLRQRIPLFURPDFURVWUXFWXUHRIODVHUFODGGHGLQFRQHOZLWK
LQFUHDVHGGHSRVLWLRQUDWHVDVUHODWHGWRWKHPHFKDQLFDOSURSHUWLHVWK,QWHUQDWLRQDO&RQJUHVVRQ$SSOLFDWLRQVRI/DVHUVDQG(OHFWUR2SWLFV
,&$/(22FWREHU2FWREHU2UODQGR)/8QLWHGVWDWHV/DVHU,QVWLWXWHRI$PHULFDWK,QWHUQDWLRQDO&RQJUHVVRQ
$SSOLFDWLRQVRI/DVHUVDQG(OHFWUR2SWLFV,&$/(2
